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QRLVH UDWLR 615>@ LV WKH WDUJHW RI PRVW WHFKQLTXHV 6SHFWUDO VXEWUDFWLRQ >@ LV WKH HDUOLHVW PHWKRG IRU
HQKDQFLQJVSHHFKGHJUDGHGE\DGGLWLYHQRLVH7KLVWHFKQLTXHHVWLPDWHVWKHVSHFWUXPRIWKHFOHDQQRLVHIUHHVLJQDO
E\ WKH VXEWUDFWLRQRI WKHHVWLPDWHGQRLVHPDJQLWXGH VSHFWUXP >@ IURP WKHQRLV\ VLJQDOPDJQLWXGH VSHFWUXP
ZKLOHNHHSLQJWKHSKDVHVSHFWUXPRIWKHQRLV\VLJQDO7KHGUDZEDFNRIWKLVWHFKQLTXHLVWKHUHVLGXDOQRLVH

,QDOOSUDFWLFDOVLWXDWLRQVWKHUHFHLYHGVSHHFKZDYHIRUPFRQWDLQVVRPHIRUPRIQRLVHFRPSRQHQW7KHQRLVHPD\
EHD UHVXOWRI WKH ILQLWHSUHFLVLRQ LQYROYHG LQFRGLQJ WKH WUDQVPLWWHGZDYHIRUPTXDQWL]DWLRQQRLVHRUGXH WR WKH
DGGLWLRQRIDFRXVWLFDOO\FRXSOHGEDFNJURXQGQRLVH'HSHQGLQJRQWKHDPRXQWDQGW\SHRIQRLVH WKHTXDOLW\RI WKH
UHFHLYHGZDYHIRUPFDQUDQJHIURPEHLQJVOLJKWO\GHJUDGHGWREHLQJDQQR\LQJWROLVWHQWRDQGILQDOO\WREHLQJWRWDOO\
XQLQWHOOLJLEOH7KHSUREOHPRIUHPRYLQJWKHXQZDQWHGQRLVHFRPSRQHQWIURPDUHFHLYHGVLJQDOKDVEHHQWKHVXEMHFW
RIQXPHURXVLQYHVWLJDWLRQV

7KHSLRQHHULQJZRUNRI:LHQHUHWDOJLYHVDQRSWLPXPDSSURDFK>@IRUGHULYLQJDILOWHUWKDWWHQGVWRVXSSUHVV
WKHQRLVHZKLOH OHDYLQJ WKHGHVLUHGVLJQDOUHODWLYHO\XQFKDQJHG7KHGHVLJQRI WKHVHILOWHUV UHTXLUHV WKDW WKHVLJQDO
DQGWKHQRLVHEHVWDWLRQDU\DQGWKDWWKHVWDWLVWLFVRIERWKVLJQDOVEHNQRZQDSULRUL,QSUDFWLFHWKHVHFRQGLWLRQVDUH
UDUHO\PHW$WHFKQLTXHSUHVHQWHGIRURSWLPXPQRLVHILOWHULQJIRUVSHHFKVLJQDOVEDVHGXSRQWKHSULQFLSOHVRIOHDVW
PHDQVTXDUH/06DGDSWLYHILOWHULQJ>@7KLVWHFKQLTXHKDVWKHDGYDQWDJHRIUHTXLULQJQRDSULRULNQRZOHGJHRIWKH
GHWDLOHGSURSHUWLHVRIWKHQRLVHVLJQDO7KHWHFKQLTXHWDNHVDGYDQWDJHRIWKHTXDVLSHULRGLFQDWXUHRIWKHVSHHFKDQG
SUHOLPLQDU\ UHVXOWV LQGLFDWH WKDW WKH WHFKQLTXH LPSURYHV WKH SHUFHLYHG VSHHFK TXDOLW\ RI D VLJQDO FRUUXSWHG E\
DGGLWLYHQRLVH
&XFNRR6HDUFK&6$OJRULWKP
7KHFXFNRRVHDUFKDOJRULWKPLVEDVHGRQWKHEURRGSDUDVLWLFEHKDYLRURIFXFNRRELUGV>@7KHSDUDVLWLVPFDQEH
FODVVLILHG DV QRQREOLJDWRU\ DQG REOLJDWRU\ ,Q QRQREOLJDWRU\ EURRG SDUDVLWLVP FXFNRR OD\V HJJV LQ WKH QHVW RI
FRQVSHFLILFV LH VDPH VSHFLHV DQG LQ WKHLU RZQQHVWV DVZHOO ([DPSOHV%DQN6ZDOORZV$IULFDQ:HDYHUV ,Q
REOLJDWRU\EURRGSDUDVLWLVPFXFNRRVOD\HJJVLQWKHQHVWRIKHWHURVSHFLILHVDQGGRQRWUHTXLUHEXLOGLQJWKHQHVWRI
WKHLURZQDQGLQFXEDWHWKHHJJV([DPSOHV%URZQ+HDGHG&RZELUGVDQG(XURSHDQ&XFNRRV,WKDVEHHQUHSRUWHG
WKDWRIDOOELUGVSHFLHVIROORZREOLJDWRU\EURRGSDUDVLWLVP([DPSOHDOO$IULFDQ+RQH\*XLGHVDOPRVWKDOIRI
WKHVSHFLHVRIFXFNRRVWKH%ODFN+HDGHG'XFNLQ6RXWK$PHULFD6KLQ\&RZELUGV6FUHDPLQJ&RZELUGV%URQ]H
&RZELUGVDQG*LDQW&RZELUGV
7KHUHDUHWKUHHW\SHVRIEURRGSDUDVLWLVP>@LQWUDVSHFLILFEURRGSDUDVLWLVPFRRSHUDWLYHEUHHGLQJDQGQHVW
WDNHRYHU6RPHWLPHVWKHKRVWELUGVHQJDJHLQILJKWZLWKLQWUXGHUFXFNRRV(LWKHUWKHKRVWELUGVPD\WKURZRXWWKH
HJJVLIWKH\ILQGWKHHJJVRILQYDGHUVRUPD\OHDYHWKHQHVWDQGUHEXLOGWKHQHVWHOVHZKHUH7KHIHPDOHFXFNRRVRI
WKH1HZ:RUOGEURRGSDUDVLWLF7DSHUDZKRDUHH[SHUW WR LPLWDWHWKHFRORXUDQGVKDSHRI WKHHJJVRIFKRVHQKRVW
VSHFLHV DV D UHVXOW RI ZKLFK WKH SUREDELOLW\ RI WKHLU HJJV WR EH UHOLQTXLVKHG GHFOLQHV DQG LQWHQVLILHV WKHLU
UHSURGXFWLYHO\7KHWLPHRIHJJOD\LQJRIVRPHSDUDVLWLFFXFNRRLVDOVRDVWRQLVKLQJ3DUDVLWLFFXFNRROD\VHJJVRQ
WKHQHVWRIKRVWELUGV+RVWELUGLQFXEDWHVERWKWKHHJJVRILWVRZQDVZHOODVWKHHJJVRISDUDVLWLFFXFNRRV,WLVDOVR
DPD]LQJWKDWWKHSDUDVLWLFHJJVKDWFKVOLJKWO\HDUOLHUWKDQWKDWRIWKHKRVWHJJV+RVWELUGVLQFXEDWHSDUDVLWLFFKLFNV
DVWKHLURZQ%\QDWXUDOLQVWLQFWFXFNRRFKLFNVWU\WRHYLFWWKHKRVWHJJVUDQGRPO\RXWRIWKHQHVWIRUWKHVDNHRILWV
RZQH[LVWHQFHDQGIRRG%\LQYHVWLJDWLRQLWKDVEHHQIRXQGWKDWFXFNRRFKLFNHQLPLWDWHWKHVRXQGRIKRVWFKLFNHQWR
REWDLQPRUHIRRGIURPWKHKRVWPRWKHU&6FDQEHGHVFULEHGXVLQJIROORZLQJWKUHHLGHDOL]HGUXOHV>@

D(DFKFXFNRROD\VRQHHJJDWDWLPHDQGGXPSVLWVHJJLQUDQGRPO\FKRVHQQHVW
E7KHEHVWQHVWVZLWKKLJKTXDOLW\RIHJJVZLOOFDUU\RYHUWRWKHQH[WJHQHUDWLRQV
F7KHQXPEHURIDYDLODEOHKRVWQHVWVLVIL[HGDQGWKHHJJODLGE\DFXFNRRLVGLVFRYHUHGE\WKHKRVWVELUWKD
3UREDELOLW\SDȯ>@
(DFKFXFNRRELUGOD\VDVLQJOHHJJDWDWLPHZKLFKLVGLVFDUGHGLQWRDUDQGRPO\FKRVHQQHVW7KHRSWLPXPQHVW
ZLWKJUHDWTXDOLW\HJJVLVFDUULHGRYHUWRQH[WJHQHUDWLRQV7KHQXPEHURIKRVWQHVWVLVVWDWLFDQGDKRVWFDQILQGDQ
DOLHQHJJZLWKDSUREDELOLW\3D>@ZKRVHSUHVHQFHOHDGVWRHLWKHUWKURZLQJDZD\RIWKHHJJRUDEDQGRQLQJWKH
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QHVWE\WKHKRVWELUG2QHKDVWRQRWHWKDWHDFKHJJLQDQHVWUHSUHVHQWVDVROXWLRQDQGDFXFNRRHJJUHSUHVHQWVDQHZ
VROXWLRQZKHUHWKHREMHFWLYHLVWRUHSODFHWKHZHDNHUILWQHVVVROXWLRQE\DQHZVROXWLRQ
:KHQJHQHUDWLQJQHZVROXWLRQV[WIRUVD\DFXFNRRLD/HY\IOLJKWLVSHUIRUPHG
ݔ௜
ሺ௧ାଵሻ ൌ ݔ௜௧ ൅ ߙ ْ ݈݁ݒݕሺߣሻሺͳሻ
:KHUHĮ!LVWKHVWHSVL]HZKLFKVKRXOGEHUHODWHGWRWKHVFDOHVRIWKHSUREOHPRILQWHUHVWV,QPRVWFDVHVZH
FDQXVHĮ 7KHDERYHHTXDWLRQLVHVVHQWLDOO\WKHVWRFKDVWLFHTXDWLRQIRUUDQGRPZDON
7KH/HY\IOLJKWHVVHQWLDOO\SURYLGHVDUDQGRPZDONZKLOHWKHUDQGRPVWHSOHQJWKLVGUDZQIURPD/HY\
GLVWULEXWLRQ
݈݁ݒݕ̱ݑ ൌ ݐିఒǡ ሺͳ ൏ ߣ ൏ ͵ሻሺʹሻ
7KLVKDVDQLQILQLWHYDULDQFHZLWKDQLQILQLWHPHDQ+HUHWKHVWHSVHVVHQWLDOO\IRUPDUDQGRPZDONSURFHVVZLWKD
SRZHUODZVWHSOHQJWKGLVWULEXWLRQZLWKDKHDY\WDLO6RPHRIWKHQHZVROXWLRQVVKRXOGEHJHQHUDWHGE\/HY\ZDON
DURXQG WKH EHVW VROXWLRQ REWDLQHG VR IDU WKLV ZLOO VSHHG XS WKH ORFDO VHDUFK D VXEVWDQWLDO IUDFWLRQ RI WKH QHZ
VROXWLRQVVKRXOGEHJHQHUDWHGE\IDUILHOGUDQGRPL]DWLRQDQGZKRVHORFDWLRQVVKRXOGEHIDUHQRXJKIURPWKHFXUUHQW
EHVWVROXWLRQWKLVZLOOPDNHVXUHWKHV\VWHPZLOOQRWEHWUDSSHGLQDORFDORSWLPXP
0RGLILHG+\EULG&XFNRR6HDUFK$OJRULWKP
$WWKHLQLWLDOQRLV\VSHHFK,QSXWVLJQDOLVUHSUHVHQWHGE\ZKLFKLVGHILQHGE\ܺ ൌ ሼݔଵǡ ݔଶǡ ǥ Ǥ ݔ௒௦ሽ:KHUHܻݏLV
WKHWRWDOQXPEHURIVLJQDOVLQWKHLQSXWVLJQDO
7KHLQSXWVLJQDOLVFODVVLILHGLQWRVWDJHVVXFKDV33RU3E\HPSOR\LQJWKHTXDOLW\UDWLR0RUHRYHUVRDVWR
ORFDWHDILQHVWZHLJKWZLWKPLQLPDOQXPEHURILWHUDWLRQVDWWKHRXWVHWZHPXVWFODVVLI\WKHFRPSRQHQWVLQWRVHYHUDO
VWDJHVDQG WKHUHDIWHUDWWDLQ WKH LQLWLDOVROXWLRQZLWK WKHDLGRIFDWHJRUL]DWLRQVHJPHQW6XEVHTXHQWO\ WKH6LJQDO WR
1RLVHUDWLRILWQHVVLVHVWLPDWHGIRUWKHSUHOLPLQDU\SRSXODWLRQ
3.1 Obtaining new solutions using modified Levy flights 
7KHPRGLILHG FXFNRR VHDUFK LV H[HFXWHGZLWK DQ H\H RQ DWWDLQLQJ D QHZ VROXWLRQE\PHDQV RIPRGLILHG/HY\
IOLJKWHTXDWLRQDQG9HORFLW\XSGDWHLQ362
/HWXVFRQVLGHUWKHVLJQDOܯ௜௟LQܯ௜DQGWKHQWKHHQKDQFHGYDOXHUHSUHVHQWLQJWKHQHZVROXWLRQ݉௜௟כ LVIXUQLVKHG
E\݉௜௟כ ൌ ݉௜௟
ሺ௧ାଵሻ ൌ ݉௜௟
ሺ௧ሻ ൅ ߙ ْ
݈݁ݒݕሺ݊ሻሺ͵ሻ
%\DOWHULQJWKHDERYHHTXDWLRQLH/HY\IOLJKWHTXDWLRQE\HPSOR\LQJWKH*DXVVLDQGLVWULEXWLRQZHJHW
݉௜௟כ ൌ ݉௜௟
ሺ௧ାଵሻ ൌ ݉௜௟
ሺ௧ሻ ൅ ߙ ْ ߪ௦ሺͶሻ
:KHUH
ߪ௦ ൌ  ߪ଴ሺെߤ݇ሻሺͷሻ
:KHUH
ߪ଴ǡߤ±&RQVWDQWVk&XUUHQWJHQHUDWLRQ
ߙ ൐ ͲLVWKHVWHSGLPHQVLRQZKLFKVKRXOGEHOLQNHGWRWKHLVVXHRIFRQFHUQ,WFDQEHHPSOR\HGLQVHYHUDOFDVHV
ZLWK WKH LQWHQWLRQRI DFFRPPRGDWLQJ WKHGLIIHUHQFHEHWZHHQ VROXWLRQTXDOLWLHV7KH FKDQJHV WR WKH WHFKQLTXH DUH
FDUULHGRXWZLWKWKHREMHFWLYHRIHQKDQFLQJWKHFRQYHUJHQFHUDWHDQGDFFXUDF\WKRXJKLQWKHSURFHVVWKHVPDUWWUDLWV
RIWKHRULJLQDOWHFKQLTXHDUHORVW7KHUHIRUHZHUHVRUWWRJHWWLQJQHZVROXWLRQVDQGWKHUHDIWHUWKHILWQHVVYDOXH615
YDOXHRIWKHQHZVROXWLRQLVHVWLPDWHG
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 4.2 Obtaining new solutions using Velocity of PSO 
,Q HDFK DQG HYHU\ JHQHUDWLRQ WKH SUHOLPLQDU\ YHORFLWLHV DUH XSGDWHG DQG EDVHG RQ WKH XSGDWHG YHORFLW\ WKH
SDUWLFOHVDUHDOVRXSGDWHG7KHYHORFLWLHVDQGSDUWLFOHVXSGDWHGDUHVKRZQEHORZ
௜ܸ
ሺ௜௧ାଵሻ ൌ ݉௜
ሺ௜௧ሻ ൅ ݈ଶ כ ݎଵ൫ܾܲ௜ െ ܥ௜
ሺ௜௧ሻ൯ ൅ ݈ଵ כ ݎଶ൫ܾ݃௜ െ ܥ௜
ሺ௜௧ሻ൯ሺ͸ሻ
ܥ௜
ሺ௜௧ାଵሻ ൌ ܥ௜
ሺ௜௧ሻ ൅ ௜ܸ
ሺ௜௧ାଵሻሺ͹ሻ 
7KHSDUWLFOHVXSGDWHWKHLUORFDWLRQDQGWKHYHORFLW\XQWLOLWDWWDLQVLWVVWRSFRQGLWLRQ7KHSURFHGXUHLVUHSOLFDWHG
WLOOWKHKLJKHVWQXPEHURILWHUDWLRQVLVUHDOL]HG:KHQWKHJUHDWHVWQXPEHURILWHUDWLRQVLVDWWDLQHGWKHSURFHGXUHJHWV
LQVWDQWO\ILQLVKHG

4.3 Merging and Ranking the best solution stage 
,PPHGLDWHO\ZKHQWKHHVWLPDWLRQDQGVXEVWLWXWLRQVDUHPDGHZHWXUQWRGRDZD\ZLWKDSRUWLRQRIZRUVWQHVWV
DQG SURGXFH IUHVK QHVWV LQ WKHLU SODFH ZKLFK LV SHUIRUPHG ORFDWLQJ WKH TXDOLW\ RI WKH HQWLUH FXUUHQW QHVWV DQG
HYDOXDWLQJLWE\ZD\RISUHVHUYLQJWKHEHVWVROXWLRQVDQGVXEVWLWXWLQJWKHZRUVWQHVWVE\IUHVKO\FRQVWUXFWHGQHVWV
$FFRUGLQJO\WKHVROXWLRQVDUHJUDGHGDQGWKHFXUUHQWEHVWLVHVWLPDWHG
7KHHQWLUHORRSJRHVRQWLOOFHUWDLQVWRSVWDQGDUGLVVDWLVILHGDQGWKHFXUUHQWEHVWLQWKHSUHYLRXVORRSH[HFXWHG
EHFRPHVWKHEHVWVROXWLRQ%\PHUJLQJWKHEHVWYDOXHVIURPPRGLILHGOHY\IOLJKWVDQGYHORFLW\LQ362ZHKDYH
JUDGHGWKHEHVWILWQHVVVROXWLRQDVWKHILQHVWRQH7KHUHIRUHWKHUHVXOWDQWVLJQDOVDUHIXVHGWRIRUPXODWHWKHLPSURYHG
VSHHFKZDYHIRUPV1RZDWWKHRXWVHWWKHQRLV\VSHHFKVLJQDOLVPXOWLSOLHGZLWKWKHILQHVWZHLJKWSURGXFHGIURP
FXFNRRVHDUFKDOJRULWKPGLUHFWO\
ܧ௦ሺ݇ǡ ݐሻ ൌ ܤሺ݇ǡ ݐሻ כ ௦ܰሺ݇ǡ ݐሻሺͺሻ
:KHUH
௦ܰሺ݇ǡ ݐሻ -Noisy speech signal    
ܤሺ݇ǡ ݐሻ - Best weight generated 
ܧ௦ሺ݇ǡ ݐሻ - Enhanced signal  
7KHUHIRUHDW ODVW WKHRULJLQDOVSHHFKVLJQDO LVHYDOXDWLQJDIWHUDGGLQJ WKHZHLJKWHG UHVSRQVHVRI WKHVLJQDO
VHJPHQWV7KHVSHFWURJUDPRIWKHHVWLPDWHGVSHHFKVLJQDOLOOXVWUDWHVWKHOHYHORIHQHUJ\DNLQWRWKHRULJLQDOVSHHFK
VLJQDOHQHUJ\OHYHODWWKHUHODWHGIUHTXHQFLHV
3URSRVHG+\EULG7HFKQLTXHIRUVSHHFKHQKDQFHPHQW
0RGLILHG &XFNRR VHDUFK &6 LV RQH RI WKH PRGHUQ RSWLPL]DWLRQ DOJRULWKPV )RU D PD[LPL]DWLRQ LVVXH WKH
TXDOLW\RUILWQHVVRIDVROXWLRQLVEDVLFDOO\SURSRUWLRQDO WR WKHYDOXHRI WKHREMHFWLYHIXQFWLRQ ,Q  WKH ERQD ILGH
ZRUOGLIDFXFNRR
VHJJLVYHU\VLPLODUWRDKRVW
VHJJVWKHQWKLVFXFNRR
VHJJKDVPLQLPDOSRVVLELOLW\RI
EHLQJIRXQGRXWWKXVWKHILWQHVVKDVWREHOLQNHGWRWKHYDULDQFHLQVROXWLRQV+HQFHLWLVDGYLVDEOHWRSHUIRUPD
UDQGRPZDON LQDSUHMXGLFHGPDQQHUZLWKFHUWDLQUDQGRPVWHSVL]HV  ,QIDFWRULJLQDODQGPRGLILHGFRGHHPSOR\V
DUELWUDU\VWHSGLPHQVLRQV
,QFRPSDULVRQZLWKWKHRULJLQDO FRGH ZHHPSOR\GLYHUVHIXQFWLRQVHWV IRUFRPSXWLQJWKHUHODWHGVWHS
GLPHQVLRQ7KHDOJRULWKPLVURRWHGRQWKHWHQGHQF\RIFHUWDLQFXFNRRVSHFLHVLQFRQMXQFWLRQZLWKWKHPRGLILHG/HY\
IOLJKWEHKDYLRURIVRPHELUGVDQGIUXLWIOLHVDQG9HORFLW\IURP362IRUDGGHGDXJPHQWDWLRQRIWKHEHVWVROXWLRQ
)LJ VKRZV WKHEORFNGLDJUDPRISURSRVHGPHWKRGRORJ\ LQZKLFK WKH LQSXW DXGLR VLJQDO LV IHG WR WKH DGDSWLYH
ILOWHU 8VLQJ WKH LQSXW DQG ILOWHUHG RXWSXW PRGLILHG FXFNRR VHDUFK LV SHUIRUPHG DQG WKH UHVXOWDQW VLJQDO RI WKLV
SURFHVVZLOOEHDQHQKDQFHGVLJQDO



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












)LJ%ORFNGLDJUDPRISURSRVHG+\EULG7HFKQLTXH
5HVXOWVDQG'LVFXVVLRQ
)RUYDOLGDWLQJ WKHDOJRULWKPILYHGLIIHUHQWVSHHFKVDPSOHVFRQWDPLQDWHGZLWKQRLVHKDVEHHQ WDNHQ7KHQ615
YDOXH KDV EHHQ HVWLPDWHG XVLQJ FXFNRR VHDUFK DOJRULWKP PRGLILHG FXFNRR VHDUFK DOJRULWKP DGDSWLYH PRGLILHG
FXFNRRVHDUFKDOJRULWKPDQGPRGLILHGDGDSWLYHFXFNRRVHDUFKDOJRULWKP7KH615YDOXHKDVEHHQVKRZQLQWDEOH
EHORZ7KHHQWLUHZRUNLVFDUULHGRXWLQ0$7/$%5D


Ͳϭ
Ϭ
ϭ
Ϯ
ϯ
ϰ
ϱ
ϲ
ϳ
^EZŝŶĚ
$GDSWLYH
)LOWHULQJ

0RGLILHG
&XFNRRVHDUFK
DOJRULWKP
,QSXWDXGLRVLJQDO
5HIHUHQFHDXGLR
VLJQDO
2XWSXWDXGLR
VLJQDO
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
)LJ6159DOXHVRIVLQJOHVSHHFKVLJQDODWG%ZLWKGLIIHUHQWDOJRULWKPV


7DEOH3URSRVHG615


'LIIHUHQW$OJRULWKPV 1RLVHLQG% 615 615LQG%
&XFNRR6HDUFK G%  
0RGLILHG&XFNRR
6HDUFK
+\EULG G%  
/HY\¶V G%  
$GDSWLYH&XFNRR6HDUFK G%  
0RGLILHG$GDSWLYH
&XFNRR6HDUFK
+\EULG G%  
/HY\¶V G%  



)LJ615YDOXHVRIVSHHFKVDPSOHVDWGE1RLVHOHYHO
&RQFOXVLRQ
,QWKLVSDSHUDK\EULGRSWLPL]DWLRQWHFKQLTXHLVSURSRVHGIRUHQKDQFLQJWKHTXDOLW\RIVSHHFKVLJQDO7KHPHWKRG
KDVEHHQWHVWHGIRUGLIIHUHQWW\SHVRIQRLVHDWGLIIHUHQWOHYHOV)LYHGLIIHUHQWVSHHFKVDPSOHVDWGE1RLVHOHYHOVDUH
WDNHQIRUDQDO\VLV7KHREWDLQHGUHVXOWVVKRZVWKDWSURSRVHGK\EULGPHWKRGXVLQJPRGLILHGFXFNRRVHDUFKDOJRULWKP
JLYHVEHWWHUUHVXOWVWKDQRWKHUDGDSWLYHWHFKQLTXHV7KHRYHUDOOHIILFLHQF\RIWKHSURSRVHG+\EULG7HFKQLTXHLV
EHWWHUWKDQWKHFRQYHQWLRQDOPHWKRG
5HIHUHQFHV
>@7LDJR+)DON&KHQ[L=KHQJDQG:DL<LS&KDQ³$1RQ,QWUXVLYH4XDOLW\DQG,QWHOOLJLELOLW\0HDVXUHRI5HYHUEHUDQWDQG'HUHYHUEHUDWHG
6SHHFK´,(((7UDQVDFWLRQVRQ$XGLR6SHHFKDQG/DQJXDJH3URFHVVLQJ9RO1R
>@9DQGHQ%RJDHUW7'RFOR6:RXWHUV-DQG0RRQHQ06SHHFKHQKDQFHPHQWZLWKPXOWLFKDQQHO:LHQHUILOWHUWHFKQLTXHVLQ
PXOWLPLFURSKRQHELQDXUDOKHDULQJDLGV-$FRXVW6RF$PYROQRSS
Ͳϭ
Ϭ
ϭ
Ϯ
ϯ
ϰ
ϱ
ϲ
ϳ
^EZŝŶĚ
ƵĐŬŽŽ
ƐĞĂƌĐŚ
^EZŝŶĚ
DŽĚŝĨŝĞĚ
^,ǇďƌŝĚ
^EZŝŶĚ
DŽĚŝĨŝĞĚ
^>ĞǀǇΖƐ
^EZŝŶĚ
ĚĂƉƚŝǀĞ
^EZŝŶĚ
DŽĚŝĨŝĞĚ
ĂĚĂƉƚŝǀĞ
,ǇďƌŝĚ
^EZŝŶĚ
DŽĚŝĨŝĞĚ
ĂĚĂƉƚŝǀĞ
>ĞǀǇΖƐ
ϭϱĚ
ϭϱĚ
ϭϱĚ
ϭϱĚ
ϭϱĚ
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